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Abstract 
Recent years have seen flooding emerge as a significant risk facing United 
Kingdom (UK) businesses. This paper presents an overview of a framework 
aimed at improving such organisations  response to and preparedness for floods 
in urban areas, reducing the disruption and economic loss associated with 
flooding, and strengthening the flood resilience of the wider economy and 
society. To achieve these aims an understanding will be gained of business 
continuity processes and how private and public sector organisations behave and 
interact in the immediate aftermath of floods. Based on this understanding, agent 
based modelling and simulation will be used to identify factors which influence 
organisations’ behaviours to flood response and preparedness, and thus 
determine ways of improving business continuity. Economic analyses will 
establish the local impacts of flooding in a range of UK urban areas and the 
cascading effects to the wider economy. Iterations of agent based simulations 
will enable analyses of how changes in behaviour could influence these impacts 
and better enable organisational operational response and inform strategic 
decision making for long term flood preparedness. Thus, practical guidance will 
be developed to inform organisations how to better adapt to flood risk through 
more effective business continuity planning, thereby increasing flood resilience. 
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1 Introduction 
In recent years flooding has emerged as a significant endemic risk facing 
individuals and organisations across the UK. Indeed, the autumn and early winter 
of 2000-01 saw the worst flooding in the UK since 1947 and the 2007 floods 
resulted in the greatest loss of essential services since World War II. Flooding is 
characterised by high levels of uncertainty, unpredictability and emergence; key 
elements of hazards symptomatic of a ‘risk society’ [1, 2]. Hazards such as 
modern day flooding require novel response and regulation [3], and urgently, 
given that milder wetter winters and localised extreme weather events are likely 
to be an ongoing feature of both national and global climate patterns [4  6]. 
     In 2012, the UK s Engineering and Physical Sciences Research Council 
funded three major projects focussing on innovative solutions to flood risk. This 
paper presents an overview of a framework for one of those projects aimed at 
influencing the behaviours of businesses faced with urban flooding and flood 
risk. The framework aims to enable different types of organisation to enhance 
their strategic capabilities for both short term event response and longer term 
preparedness. Thus, organisations will be able to reduce the disruption and 
economic losses associated with flooding and, as a result, strengthen the flood 
resilience of both the wider economy and society. To achieve this aim, four 
integrated and interdisciplinary research goals are being pursued. Firstly, there is 
a need to achieve a better understanding of business continuity processes and 
how private and public sector organisations behave and interact with each other 
in the immediate and longer term aftermath of flood events. Secondly, there is a 
need to establish how agent based modelling and simulation can be used to 
improve organisational business continuity by means of representing attributes 
and simulating behaviours of different types of at-risk UK organisations and the 
consequences of these for both the short-term response to flooding and longer-
term preparedness. Thirdly, there is a need to assess the impacts of flooding on 
economic systems both within and beyond the immediately affected urban area 
and explore how changes in organisational behaviour could influence these 
impacts. Fourthly, there is a need to develop innovative approaches to the 
promotion of organisational behaviour change and adaptive organisational 
learning throughout the flood cycle. In pursuing each of these four goals, the 
research exploits synergies between the academic fields of organisational 
business continuity management, agent based modelling and simulation, disaster 
management, emergency planning, flood modelling and prediction, economic 
modelling and the social/behavioural sciences. 
2 Background 
It has been estimated that flood damage could account for £10bn to the UK 
economy in 25 years [7] and that risks relating to precipitation, over the next 30-
100 years, will increase by 2 to 4 times across the UK, with some locations 
experiencing changes beyond this range [8]. A key recommendation emerging 
from the formal review of the 2007 UK floods was the need to reduce the risk of 
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flooding and its impact [5]. The UK’s National Security Strategy [9] discusses 
the importance of flexibility and resilience to natural and man-made disasters, 
but also emphasises working in alliances and partnerships to build corporate and 
community resilience. This can be best understood as part of a paradigm shift in 
approaches to the management of risk itself. Policy developments in the UK 
which address risk and resilience are increasingly underpinned by concepts such 
as communal risk reduction and also, through the involvement of a range of non-
state bodies, risk spreading [10]. One powerful stakeholder is the insurance 
industry. The cost to insurers of the 2007 UK floods alone was £3bn. Insurers 
have stated that losses on this scale are not sustainable for the insurance industry. 
Currently, under a pan-industry agreement with government, expiring mid 2013, 
British insurers are obliged to make insurance cover for flood as widely available 
as possible and, in effect, insure properties that would otherwise be deemed 
uninsurable [11]. It is probable that insurance coverage for flood risk will 
become less available and more expensive after 2013. The impact of this on 
organisations, and particularly Small and Medium Enterprises (SMEs) and third 
sector bodies, is significant given that SMEs account for over 50% of UK 
employment and gross domestic product. However, in light of the paradigm shift 
outlined, and in the context of the current fiscal crisis, it is unlikely that 
government will wholly absorb the risk and associated costs. Rather, it is likely 
that there will be an even greater emphasis upon risk spreading as a means for 
building resilient cities and communities. Citizens, private sector organisations 
and public sector bodies will increasingly be obliged to engage in the 
management of flood risk and the creation of resilience at the local community, 
regional and national level. Organisational and local resilience are vital 
interacting components of an overarching strategy for national resilience. 
3 Related work 
Research on the response to major natural and man-made events has focussed 
primarily on ‘category 1’ responders [12]. However, there is a dearth of research 
on the response of business organisations faced with major disruption caused by 
flooding. Effective response to disruption through preparedness can mitigate the 
impact of a major flood event on organisations. This approach forms a 
cornerstone of business continuity management [13], which is recognised as an 
important tool for organisational survival in the face of disruption [14, 15]. 
Effective business continuity can reduce organisational down-time and facilitate 
a more rapid return to normality thereby lessening the economic impact at the 
level of the organisation and beyond. Previous reviews have highlighted the role 
of business continuity as part of any successful flood response [5]. Despite this, 
in the UK, organisational engagement with business continuity remains low with 
less take-up by SMEs and third sector organisations relative to larger businesses 
and public sector bodies [16, 17]. There are indications that a lack of resources 
and capabilities may account for this lower take-up, however no systematic 
investigation has yet been undertaken. 
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     Whilst agent based models (ABMs) have provided useful insights into 
emergency responses to major events [18, 19], their focus to date has been on 
agents representing individuals exhibiting behaviour intended to mimic 
emergency responders or members of the public. In flood management, ABMs 
have been used to model evacuation strategies, albeit without agents representing 
emergency service personnel [20, 21]. In the response to flood events, there 
exists scope to develop and utilise ABMs by representing and modelling 
organisations, rather than individuals, as agents and considering timeframes 
beyond immediately after the event occurs. ABMs offer an opportunity for using 
and embedding iterative stakeholder learning and feedback within the modelling 
process. This can occur through organisation engagement with model outputs 
from agent based simulations of past or future flood events based on historical 
data and/or predictions from flood modelling. Indeed, predictions from flood 
modelling can complement incomplete observed data for specific events [22, 
23], postulate future scenarios based on organisation agent behaviour, and 
provide flooding frequencies [24]. Feedback on behaviour changes, gained from 
working with stakeholder organisations, can then be fed back into further 
simulations of the ABM, so improving modelling of the impact of changes in 
organisations’ preparation for and response to flood hazards. In the context of 
organisational response, organisational agents include SMEs, the emergency 
services and emergency planning units, local authorities and the Environment 
Agency. 
4 Framework 
The framework, presented in Figure 1, aims to iteratively evaluate organisations’ 
response strategies to flooding in order to develop guidelines and 
recommendations to influence behaviour change enabling them to better prepare 
for future floods and adapt to flood risk through more effective continuity 
planning. 
 
Education of 
stakeholders
Economic impact 
analysis
Agent-based modelling 
and simulation
Business continuity 
processesFlood modelling
 
Figure 1: Integrated framework. 
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     This aim will be brought about through the integrated application of flood 
modelling with agent based modelling and simulation of organisations informed 
by business continuity processes, analysis of the economic impacts radiating out 
from directly flood-affected areas, and the education of stakeholders in better 
preparing for flood events. 
4.1 Flood modelling and organisational level agent based modelling and 
simulation 
The focus of this strand of the research is to develop an agent based approach to 
model and simulate organisational behaviour in the face of flood events. This 
involves the representation of organisations’ attributes and behaviour in terms of 
their actions and interactions in response to flood events, thus informing strategic 
decision making for longer term preparedness. A range of private businesses and 
public organisations will be represented varying in size, sector and operational 
behaviour. Prior to simulations of organisational behaviour in terms of 
responding to and preparing for flood events, flood inundation modelling 
coupled with historical data will be used in a complementary manner to provide 
detailed information to the ABM regarding which organisation agents are 
affected. Inundation modelling is necessary to complete what is usually 
incomplete data from historical records, or where there are no data in cases 
lacking recent records. The virtual geographical environment component of the 
ABM, developed using OS MasterMap, is fed information regarding an 
inundation prediction thus allowing flood events to be modelled in any urban 
area of the UK, even those areas not yet exposed to flooding. As a result, all 
organisations in this area directly and indirectly affected by a flood event can be 
identified. An example geographical area affected by a flood event is shown in 
Figure 1. 
 
 
Figure 2: Example geographical area affected by a flood event. 
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     Within the affected geographical area, intelligent agents are used to model the 
various types of private and public sector organisations with each having 
different attributes and rules governing their operational behaviour in terms of 
actions and interactions with other organisations and communities. In addition to 
the virtual geographic environment illustrated in Figure 1, an agent interaction 
framework will capture, in simulations of floods events and the aftermath, the 
interdependent behavioural actions of organisations and their impact. Multiple 
simulations reflecting varying levels of uncertainties will be performed in two 
stages to gain an understanding of the dynamic complexity of organisations' 
interactions in the aftermath of a flood: (a) simulations in the context of their 
short term and longer term response to flood events thus informing changed 
behaviour for preparedness; (b) simulations of their short term response with 
changed behaviour for preparedness measures adopted in light of the simulations 
in (a) and output from economic modelling to evaluate the effect of such 
measures and inform the education of stakeholders. 
4.2 Business continuity processes  
This strand of the research is aimed at gaining an understanding of businesses’ 
response to flood events within a local, regional and national context in the short 
and longer term in order to generate insights and data on the attributes, dynamic 
behaviour and interactions of organisations. These insights and data will form 
the basis of the attributes and rules governing the operational behaviour of 
private and public businesses represented in the ABM mentioned in Section 4.1. 
To achieve this aim, this research strand will explore the factors which underpin 
both effective and ineffective organisational response to flooding by identifying 
what, why and when organisations behave in particular ways in the flood 
response and preparedness phases. This will involve examining how long it takes 
organisations to move through the response phase (short term) and preparedness 
phase (longer term) and regain normal operational functioning so that a better 
understanding can be gained of what constitutes short term and longer term with 
respect to effective flood risk.  Organisational behaviours are influenced directly 
and indirectly through interactions with a range of other stakeholders such as the 
emergency services, local authorities, quasi-governmental agencies, insurers, 
local community and other organisations, for example across supply and 
distribution chains. Consequently, it is not possible to generate meaningful 
insights into these behaviours without contextualizing these actions dynamically 
within this broader network of actors/agents. By taking this holistic perspective, 
it is possible to identify what barriers may exist to effective business continuity 
and where these barriers lie, for example at the micro or meta level. To generate 
robust and rich data, a multi-method approach is being taken through integrating 
traditional methods of data collections, such as interviews and focus groups, with 
data captured from new technology for a number of flood event case studies. 
Importantly, case studies being considered vary in terms of severity as well as 
flooding source such as pluvial, fluvial and coastal. As mentioned earlier, data 
generated will feed into the ABM to enable the simulation of organisational 
behaviour. Subsequent changes in actions and behaviours will then be 
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interrogated iteratively in the context of the research framework, as well as 
directly with stakeholders through appropriate means such as follow-up 
interviews and online forums, blogs and wikis. 
4.3 Impact of flooding to urban economy and wider economic systems   
The emphasis of this research strand is the economic analysis of the impact of 
flood events, which is central to identifying economic vulnerabilities and thus 
where preparedness measures are best applied. Assessments of the economic 
impact of flood events in urban areas have traditionally focused locally on the 
initial estimates on the cost of lost assets, referred to as direct damage. These 
initial estimates are useful in establishing where capital and resources are needed 
for rebuilding post-event. However, since economies are interlinked 
geographically, there is a need establish how this direct damage cascades from 
the local economy throughout the wider economic systems at regional, national 
and global levels, thus determining the indirect damage. Quantified knowledge 
on flooding impact will be compiled, including the cost of direct damage and 
business interruption based on DEFRA's Multi-coloured Manual, into a set of 
damage functions at an urban area scale. A variant of the adaptive regional input-
output (ARIO) model will then be developed to explore the vulnerabilities of 
urban area economies related to flood damage. This model enables direct damage 
to be determined using an event accounting matrix, consisting of a set of damage 
functions. The indirect damage is determined by integrating the local economic 
datasets and direct damage datasets based on supply constraint environmental 
input-output analysis. Using the variant ARIO model and output from agent 
based simulations, economic analyses can be performed regarding the impacts of 
flooding in a range of UK urban areas leading to specific economic 
vulnerabilities being identified, which should be the focus of increased 
preparedness. That is, the identification of business sectors beyond the 
immediate, or local, impact zone of a flood which are key to the wider economy 
at a regional and national level. 
4.4 Adaptive e-learning and behaviour change in organisations through the 
flood cycle 
This strand of research addresses the need to develop new ways of bridging 
knowledge gaps between outputs from agent based simulations and the 
promotion of real and timely behaviour change for resilience among the different 
stakeholders involved in business contingency planning for floods. As such, a 
key aspect of this strand is engagement with stakeholders such as businesses, 
emergency responders and emergency planners, local authorities and the 
Environment Agency. The development of the ABM mentioned earlier presents 
opportunities for improving the interface with a broad range of end-users and the 
tailoring of model outputs to the needs of diverse organisations. Feedback on 
iterative organisational learning and predicted behavioural changes, after using 
model outputs from single and/or multiple flood simulations as practical 
guidance, can then be embedded into the ongoing ABM design process and 
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future simulations. This will improve the underlying assumptions in the 
modelling that determine the outputs. This research strand is also aimed at 
developing an e-learning intervention tool that uses new digital technologies to 
engage end-users with the practical guidance established, and evaluates their use 
for learning and behavioural change. As smart, future-oriented ubiquitous 
technologies will be dominant modes of future information engagement, design 
principles developed will be applicable across diverse flood modelling settings. 
5 Conclusions and future work 
It is widely acknowledged that the effect of future floods in the UK is expected 
to be significant in terms of damage, disruption and economic loss. Thus, the 
need to reduce the risk of flooding and its impact has been identified as key to 
mitigating this effect. The framework overview presented in this paper relates to 
ongoing research aimed at addressing the need to reduce the impact of flooding 
by improving organisations' response to and preparedness for floods in urban 
areas, reducing the disruption and economic loss associated with flooding, and 
strengthening the flood resilience of the wider economy and society. 
     Agent based modelling and simulation coupled with flood modelling provides 
a means of identifying organisations affected by a flood event in an urban area, 
investigating the actions and interactions of organisations in terms of their 
response and preparedness to flood events, and evaluate the implications of 
strategic policy decisions in the context of changes in behaviour. Key to such an 
agent based approach is the need to determine and codify how businesses 
respond to and prepare for flooding at an operational level. Engagement with a 
variety of businesses will establish the business continuity processes and 
dynamic behaviours of organisations in flood response and preparedness thus 
providing data inputs to an ABM. Subsequently, agent based simulations will 
identify key drivers and barriers to enhance organisational resilience through 
continuity planning. These simulations will enable the direct and indirect 
economic impact propagated at a local, regional and national level to be 
evaluated, leading to improvements in preparedness based on vulnerabilities 
identified. Further, simulations will facilitate the development of practical 
guidance to inform enhancements and adaptation in all stakeholders’ response 
and preparedness in the face of flood events, which will be communicated to 
relevant organisations and communities via relevant risk communication and 
pedagogical concepts. 
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